This paper studies various reliability measures. Reliability measures are quantities used for analyzing reliability and maintenance models. Sometimes when the maintenance cost rate is minimized, the system reliability measures are so low that they are not acceptable in practice. The following instantaneous reliability measures are considered in this paper: instantaneous failure rate, instantaneous repair rate, instantaneous maintainability, instantaneous reliability and instantaneous availability. The explicit expression and numerical results for the instantaneous reliability measures are shown. Also, their relationships are shown.
Introduction
Maintenance involves preventive (planned) and unplanned actions carried out to retain a system or restore it to an acceptable operating condition. Optimal maintenance policies aim to provide optimum system reliability and safety performance at the lowest possible maintenance costs. Proper maintenance techniques have been emphasized due to increased safety and reliability requirements of systems, increased complexity, and rising costs of material and labor. One important research area in reliability engineering is the study of various maintenance policies in order to improve system reliability, to prevent the occurrence of system failure, and to reduce maintenance costs. Reliability theory has grown out of the valuable experiences from many defects of military systems in World War II and with the development of modern technology. For the purpose of making good products with high quality and designing highly reliable systems, the importance of reliability has been increasing greatly with the innovation of recent technology. The theory has been actually applied to not only industrial, mechanical, and electronic engineering but also to computer, information, and communication engineering. Many researchers have investigated statistically and stochastically complex phenomena of real systems to improve their reliability. During operation the strengths of systems are gradually deteriorated, until some point of deterioration failure, or other types of failures. To proper deal with repairable systems that deteriorates, we need to understand the characteristics and the behavior of the system. And this will be done by investigating the properties of reliability measures. Reliability measures are quantities for analyzing reliability and maintenance models. It is important to note that, minimizing the system maintenance cost rate for a particular system may not result in optimal system reliability measures. Sometimes when the maintenance cost rate is minimized, the system reliability measures are so low that they are not acceptable in practice. The instantaneous reliability measures that are considered in this paper are: instantaneous failure rate, instantaneous repair rate, instantaneous maintainability, instantaneous reliability and instantaneous availability.
There is an extensive literature on reliability measures. See Barlow and Proschan [2] , Elsayed [3] , Nakagawa [4] , Pham [5] and Wang and Pham [8] . Also, many researchers have studied availability for various types of systems. For example, see Yusuf and Hussain [9] , Yusuf and Yusuf [10] , Yusuf et al. [11] , Sun et al. [7] . Moreover, Suleiman et al. [6] and Aliyu et al. [1] , analyzed the characteristics of reliability and availability of series -parallel subsystems in different configurations.
Notation and Description of the System

Description of the System:
Consider a system, which gradually deteriorates with time and usage. The system is subject to a particular failure, which is rectify by minimal repair.
Notations:
: Instantaneous failure rate of the system at time t : Instantaneous repair rate of the system at time t : Failure distribution of the system at time t f(t): Time to failure (pdf) the system at time t g(t): Time to repair (pdf) the system at time t : Instantaneous reliability of the system at time t : Instantaneous availability of the system at time t : Instantaneous maintainability of the system at time t
Instantaneous Reliability Measures
Instantaneous failure rate of the system at time t is :
(
Instantaneous reliability of the system at time t is :
.
Instantaneous availability ofthe system at time t is: .
Instantaneous maintainability of the system at time is:
Instantaneous repair rate of the system at time t is: .
3 Results and Discussions
Example 1 (Supposing the failure and repair rates following the same distribution):
Assumed that the time to failure and time to repair the system follows Weibull distribution: ,
Let the set of parameters be used for this particular example: , , and .
Observations made from results obtained for example 1:
1. From table 1, figure 1 and figure 2 , observed that the instantaneous repair rate h(t) and instantaneous failure rate r(t) both increases as time t increases. Furthermore, from figure 3, observed that, the instantaneous repair rate h(t) increases as the instantaneous failure rate r(t) increases . 2. From table 1 and figure 4, observed that, the instantaneous reliability and instantaneous availability decreases as time t increases. While, the instantaneous maintainability increases as time t increases. 3. Also, observed from table 1 and figure 5 , the instantaneous reliability and instantaneous availability decreases as the instantaneous failure rate increases. While, the instantaneous maintainability increases as instantaneous failure rate increases. 4. Also, observed from table 1 and figure 6 , the instantaneous reliability and instantaneous availability decreases as instantaneous repair rate increases. While, the instantaneous maintainability increases as instantaneous repair rate increases. Observations made from 2, 3, and 4 above, showed that maintainability is equivalent to unreliability 
Figure 3. The plot of instantaneous repair rate h(t) against instantaneous failure rate r(t).
Example 2 (failure and repair rates follows different distributions):
Assumed that the time to failure of the system follows Weibull distribution:
While the repair time of the system follows power law model: .
Let the set of parameters be used for this particular example: , , and . figure 7 and figure 8, observed that the instantaneous repair rate h(t) and instantaneous failure rate r(t) both increases as time t increases. Furthermore, from figure 10, observed that, the instantaneous repair rate h(t) increases as the instantaneous failure rate r(t) increases . 2. From table 2 and figure 9, observed that, the instantaneous reliability and instantaneous availability decreases as time t increases. While, the instantaneous maintainability increases as time t increases. 3. Also, observed from table 2 and figure 11 , the instantaneous reliability and instantaneous availability decreases as the instantaneous failure rate increases. While, the instantaneous maintainability increases as instantaneous failure rate increases. 4. Also, observed from table 2 and figure 12, the instantaneous reliability and instantaneous availability decreases as instantaneous repair rate increases. While, the instantaneous maintainability increases as instantaneous repair rate increases. 5. Observations made from 2, 3, and 4 above, showed that maintainability is equivalent to unreliability 
Conclusion
In attempting to understand the system behavior, the characteristics of instantaneous reliability measures (which are: instantaneous failure rate, instantaneous repair rate, instantaneous maintainability, instantaneous reliability and instantaneous availability) with time t and their relationships are need to be fully investigated. Which provide full information on deterioratingsystems, and make decisions on which type of maintenance policy need to be applied in maintaining the systems. Because systems, have different pattern and manner of deteriorating.
